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PHASE I REPORT 

10 INTRODUCTION 

Thls Phase I Report has been prepared by Resources Conservauon Company (RCC) and their subcontractor, 

Hardmg Lawson Associates (HLA), as a contract deliverable between EG&G Rocky Flats Plant (RFP) (for the 

Environmental Restomon Group) and RCC The purpose of this P h m  I Report is to descnbe the technical 

approach, results, and assessment of the solvent extraction bench-scale treatability study 

1 1 Phase I Bench-scale Program purpoSe and Objectrves 

The purpose of the bench-scale treatability study is to provide data to support the Feasibility Studes (FS) in 

assessing the feasibihty of usmg solvent extracuon to r e d a t e  radtoiiuchdecontarmnated RFP soil and 

vegetauon To fulfill the purpose of th~s treatabihty study, the following ObjeCUVeS were established for Phase I 

tesung (1) generate performance data for removing contarmnants of concern (COCs) from contamtnated RFP 
soil and VegetahOn, (2) idenufy near opumum operatmg parameters (I e ,  number of eXtraChOn stages, exmuon 

temperature, pH, solvent rauos, and pretreatment requirements) for removing COCs from contarmnated RFP sod 

and vegetauon using methylamme, (3) calculate the percent of Pu-239,240 removed from RFP soil and 

vegetauon after solvent extracuon tesung, (4) calculate a plutomum Ob-239.240) and solids mass balance for 

each of the solvent extracuon tests performed dunng Phase I ,  and (5) evaluate the potenhal of Phase I1 bench- 

scale testing to remove COCs from the soil and vegetauon samples tcl concentrahons at or below the treatabihty 

study benchmarks (TSBs) shown in Table 1 1 
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Radmnuclide Parameters 

Table 1 1 .  Treatability Study Benchmarks 

Arnencium-24 1' 
Plutonium-239, 240' 
Uranium (Total) ## 

Concentrabon 

~ ~~~ ~~ 

pCdg Picocunes per gram 

' Programmauc Prelimnary Remedauon Goal (PRG) - Draft 

238 pCdg 
3 65 pCdg 

144 pCdg 
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2 0 BENCH-SCALE TEST DESIGN 

l h s  secuon descnbes the bench-scale test design tor the Phase I solvmt extracuon treatability study The 

solvent extraction bench-scale tests were designed to identify the effec tlveness of solvent extraction technology in 

removing COCs from RFP soil and vegetatlon The Phase I bench-scale tests consisted of three general 

components sample preparauon, screening tests and solvent extraction 

tests Sample preparauon involved screening, blendmg, and splitung IWO separate soil samples into analytical 

samples and bench-scale test samples In adduon, sample preparatiori involved CUthng, blendng, and splimng 

the vegemon sample into analyucal samples and bench-scale test saniples Screening tests were then performed 

to identify oxidzing. reducing, and complexing agents or other potential solubilivng agents showing the highest 

plutonium removal efficiencies for both sod and vegetauon samples The solvent extraction tests were performed 

using methylamme and those reagents idenufied in the screerung test (that showed removal of 20 percent or 

greater Pu-239,240) to further evaluate solvent exuacuon’s abhty to iemove COCs The specific technical 

approach of the sample preparauon, screerung tests, and solvent exam uon tests are descnbed in the following 

secuons 

2.1 Sample Preparation 

Soil and vegetauon samples selected by EG&G from RFP were submitted to the laboratory for sample 

preparation, chemcal charactenzaaon, and bench-scale tesung 

by screening, blendmg, and splrtung each sample into separate test and analytical samples Bench-tesmg 

technicians prepared the vegetauon sample by blendmg and splittmg the vegetaaon sample into separate test and 

analytical samples The detaded descnpaon of the sample preparatlori for soil sample #I, sod sample #2, and 

the vegetation sample are descnbed in the following secuons 

The on-site laboratory prepared the soil samples 

2 1 1 Soil Sample #1 Preparatlon 

A standard Tyler sieve was used to remove matenal greater than 1/4 inch in diameter The amount of oversize 

matenid was recorded and the oversize matenal was set aside for return to RFP The blending process involved 

\plitting the screened sample into two portions recombining the split sample and nuxing the recombined soil 

thoroughly The splitting, recombining, and mixing (homogenization) btep wa.\ performed a rmnimum of 

eight time\ Following the homogenization step malyticd and bench-tale test sample\ were divided as \hewn 

in Figure 2 I The analytical \ample\ were further divided into chemicd charactenzation wnple\ md wbrmtted 
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for chemcal analysis The resultlng analytical data provided baseline (feed) chemcal data to evaluate the 

effectiveness of the blendmg process and plutonium removal efficiencies dunng bench-scale testing 

f 'age 

2 1 2  Soil Sample #2 Preparatmn 

Preparation of soil sample #2 consisted of screening, blending, and splitting as descnbed in Secuon 2 1 1 

Following the screemng and blendmg (homogenizauon) step, soil sample #2 was split into analytlcal and bench- 

scale test samples as shown in Figure 2 1 The analytical sample was further dwided into chemcal 

charactenzatlon samples and submtted for chemcal analysis The resulting analytlcal data provided baseline 

chemcal data to evaluate the effectlveness of the blendmg process ancl plutonium removal efficiencies dunng 

bench-scale testing 

2 1 3  Vegetatmn Sample Preparation 

The "as received" vegetauon sample consisted of two root balls and ttlelr accompanymg stems and leaves The 

stems and leaves were chpped with scissors and set aside The root balls were nnsed in a bucket of water to 

remove any soil adhenag to the surface of the vegetaaon Any floaurig matenal was slummed off the water 

surface and set aside 

The remmng root balls (mnus the soil), stems, leaves, and slummed matenal were combined and then ground 

in a meat gnnder The resultlng ground vegetauon mxture was blended by hand usmg a split and combine 

technique as descnbed m Secaon 2 1 1 Following the blendmg step, analytical and bench-scale test samples 

were spht as shown in Figure 2 2 The analytical samples were further split and submaed for chemcal analysis 

The resulang analytical data provided baseline chemcal data to evalute the effectiveness of the blendmg process 

and plutonium removal efficiencies dunng bench-scale testlng 

2.2 ScreemngTests 

Screening tests were performed on each soil and vegetation sample to evaluate plutonium removal using several 

combinations of ondimg, reducing, and complexlng agents or other potential solubilizing agents Each 

meening test consisted of adding one or more reagents and conducting one extraction stage Gross alpha 

weening wrw performed on the extract solutlon after each reagent addition to evaluate plutonium removal for 

each reagent or combination of reagents te\ted Screening test\ \bowing greater than approximately 20 percent 
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plutonium removal were tested further using up to a -mum ot six e tuacuon stages These subsequent 

extraction stages are referred to as solvent extracuon tests The specific technical approach performed for 

meening tests for soil samples #1 and #2 and the vegetation sample are descnbed in the following sections 

Page 

2.2.1 Soil Sample #1 Screening Tests 

Fifteen screening tests were performed on soil sample #1 A summary of the test parameters used in the 

screening tests is provided in Table 2 1 Generally, 100 grams of soil were used for each test Reagents were 

added to the soil, as shown in Table 2 1, resulung in a Iiquid-to-solid tuio ranging from 1 1 to 100 1 by weight 

The liquid and soil mxture was then agtated for apprommately 30 to t10 m u t e s  at temperatures ranging from 

34 degrees Fahrenheit (OF) to 190°F A small aliquot of extract soluticln was removed after each addmon of 

reagent for gross alpha screening (dwcussed in Secuon 3 1 2) Screening tests showing greater than 

approximately 20 percent gross alpha removal were subjected to subsequent extractlon (descnbed m Secaon 2 3). 

up to a m u m  of SIX extracuon stages with mdficaaons to the test parameters Test 1, whch was a control 

test, used five extrachon stages even though plutomum removal of less than 20 percent was antlcipated 

2.22 Soil Sample #2 Screening Tests 

Eleven screening tests were performed on soil sample #2 A summary of the test parameters used in the 

screening tests is provided m Table 2 2 Generally, the test parameters were sirmlar to those descnbed m 

Secuon 2 2 1 For example, 100 grams of soil were used per test, reagtnts hsted in Table 2 2 were added to the 

soil resulung in a hqmd-to-solid ratlo rangmg from 1 1 to 8 1, the liquid and soil rmxture was agitated for 

approximately 30 to 60 mnutes at temperatures rangmg from 34°F to 190"F, and a small aliquot of extract 

solution was removed after each aMoon of reagent for gross alpha screening 

than apprommately 20 percent gross alpha removal were subjected to subsequent extracuon (descnbed in 

SecQon 2 3) with mdficatlons to the test parameters 

Screening tests showing greater 

22.3 Vegetatmn Sample Screening Tests 

Eight screening tests were performed on the vegetation sample A sununary of the test panmeters used in the 

meening tests are provided in Table 2 3 Generally, the test parameteis were \imlar to those descnbed in 

Section\ 2 2 1 and 2 2 2 For example, 50 grams of vegetation were wed per te\t reagents listed in Table 2 3 

were added to the vegetation rewlting in 

dgitated for approximately 30 to 90 rmnute4 at temperatures ranging trom 1e.s than 34°F to 190°F md a \mall 

liquid-to-.oIid ratio ot 8 I ,  the liquid and vegetation rmxture wa.. 
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aliquot of extract solution was removed after each addluon of reagent For gross alpha screening Screening tests 

showing greater than approximately 20 percent gross alpha removal wwe subjected to subsequent extractlon 

(descnbed in Sectlon 2 3), extraction with mdfications to the test parameters 

Page 

23 Solvent-Extrachon Tests 

Solventextractlon tests were performed on each soil and vegetation screemng test showing greater than 

approximately 20 percent gross alpha removal Each solvent-extractloll test consisted of subsequent extracaon 

stages following the screemng test (the screemng test being the first e) traChOn stage of the solvent-extracaon 

test) Generally, each extractlon stage consisted of addmg reagent, rmring the sample with the reagent solution, 

separaung liquids from solids (centnfugation), and recyclmg solids to he extracaon vessel After compleaon of 

all the extraction stages, tnethylarmne was added to the separated reagent soluaon, conmnants were 

concentrated, and water and methylamme were recycled (Tnethylarmne was used to remove the water from the 

conmnant soluaon, allowing the water to be recycled without evaporatloa or other separahon techniques) A 

block dlagrarn of the solvent extrachon bench-scale test process is prelanted in Figure 2 3 

23.1 Soil Sample #1 Solvent-Extracaon Tests 

Four screemng tests (Tests 1, 4, 10, and 15) were subjected to subsequent solvent-extractlon stages with 

mdficauons to the screemng test parameters as shown m Table 2 4 These subsequent extractlon stages will be 

referred to as solventextrachon tests A step-by-step descnption of Test 15 is gwen below to provide further 

clanficatlon of the extractlon sequence used dunng Phase I sample testlng 

A 100-gram pomon of sod sample #1 was placed in a one-liter extraclion vessel A solutlon of 3 percent 

hydrogen peroxide, used as an ondmng agent, was added to the extractlon vessel to acheve a hquid-to-solids 

raao of 8 to 1 by weight The solution was agitated for 60 nunutes at 150°F and allowed to settle The extract 

solution was sampled and analyzed using a gross alpha screenmg technique to obtam an estlmate of the 

extraction efficiency of the peroxlde solutlon 

Citnc acid, used as a complexing agent, was then added to the extractlon vessel to obmn a 0 1 molar citnc acid 

solution The nuxture was agam agitated for 60 rmnutes at 160°F and allowed to settle The extract solution 

referred to as intentage extract solution, was analyzed using a gross alpha screening technique to obtatn dn 

estimate of the extraction efficiency of the peroxidekitnc clcid \olutiori This extract \elution free ot wpended 
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solids, was sampled and later analyzed for isotopic plutomum The extracted solids referred to as interstage 

solids, were sampled and later analyzed for isotopic plutonium 

f’age 

The above extracuon procedure was repeated three more times, starting with the addrtion of hydrogen peroxide, 

to the solids and liquid remruning in the extraction vessel, for a total cf four extracuon stages The final treated 

solids and final extract solutlon were later analyzed for total uranium md isotopic plutonium After the final 

extraction, a composite extract soluuon was formed using the extract soluuon from each extracuon stage 

Tnethylmne was then added to the extract solutlon to concentrate thv contarmnants to a mnimal volume 

(Addition of methylarmne forms a two-phase system a light phase coiitatning methylmne and water, and a 

heavy phase contatnmg the contanunants and a small amount of water ) The heavy phase was then analyzed for 

isotopic piutomum 

23.2 Soil Sample #2 Solvent Extractlon Tests 

Four solvent extracuon tests (Tests A, B, C, and D) were performed with mdficaaons to the screening test 

parameters as shown in Table 2 5 ?he step-by-step procedure used for sod sample #2 was simlar to that 

chscussed in Sectlon 2 3 1 for soil sample #1 

23.3 Vegetation Sample Solvent Extramon Tests 

Four solvent extraction tests (Tests V-1, V-2, V-3. and V-7) were perlormed with mdfications to the screening 

test parameters as shown in Table 2 6 The step-by-step procedure used for the vegetahon sample was slmlar to 

that drscussed in Seaon 2 3 1 for soil sample #1 
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Table 2 1 Summary of Screening Test Paramelem for Soii Sample #1 

Oxidizing or Other Number of Extraction 
Test Reducing Complexing Reagents Extraction Time Per Extraction Further 
No Agent Agent Used stalw Stage Temperature Testing 

1 

2 
3 

4 

5 

6 
7 
8 
9 
10 
1 1  

12 
13 
14 

15 

Tnethylmne 
Tnethylamme 
Tnethylamine 
Tnethylamme 
Tnethylmne 
Tnethylamme 
___ 
--_ 
Ahquot 336" 

Tnethylarmne 
Tneth ylamme 

___ 

I_ 

-- 
-- 

1 

1 
1 
1 

1 
1 

1 
1 
1 

1 
1 
1 
1 
1 
1 

60 nun 
30 mn 
30 mn 
30 mn 
30 mn 
30 mn 
30 mn 
60 nun 
30 mn 
60 m n  
60 nun 
30 nun 
30 mn 
30 mn 
60 mn 

<40"F 
Room temp 
<40"F 
150°F * 
<40"F 
150°F * 
Room temp 
160°F 
Room temp 
150°F 
Room temp 
<40"F 
160°F 
160°F 
160°F 

Y 
N 

N 
Y 
N 
N 
N 

N 
N 
Y 
N 
N 
N 
N 
Y 

None 
Less than 
Degrees Fahrenheit 
Citnc acid 
Tnbutyl phosphate 
Hydrogen peromde 
Nitnc acid 
Wnute 
No 
S d u m  citrate 
S d u m  carbonate 
S d u m  dthlonite 
Temperature 
Yes 

* Hot aqueous extractions followed by cold (~40°F) methylamme extractions 
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Page t 
1 Table 2 2. Summary of Screening Test Parameters for So11 Sample #2 

Oxidizing or Other Number of Extractmn 
Test Reducmg Complexing Reagents Extraction T i e  Per Extractmn Further 

Agent Agent Used stages Stage Temperature Testing 
1 -  

N%C6H507 I- 1 6 0 m n  160°F Y A N % W ,  
HZOZ c6",07 --- 1 6 0 m n  190°F Y 

Na3C6H507 --- 1 6 0 m n  190°F Y c Na2S201 
D HZOZ c6",07 Tnethylmne 1 3 0 m n  190°F Y 

8 No 

R B  
l R  E HNO, I- Tneth y lmne  1 6 0 m n  190°F N 

F HNO, 
Aliquot 336" 

lzHZ704P Tnethylmne 1 60mn 190°F N 

G HNO, C,,H,O$ Ahquot 336" 1 6 0 m n  Roomtemp N 

"03 -- Sod~um Nitnte 1 6 0 m n  Roomtemp N 
Aliquot 336" 

Acid, S d u m  

I H  
J N??sZ04 --- H ydrochlonc 1 6 0 m n  190°F N 

Chlonde 
-- S d u m  Sulfate 

I Sulfate 

--_ None 
Degrees Fahrenheit 

?H,O, Citnc acid 
~ C,,Hn04P Tnbutyl phosphate 

Nitric acid 
Hydrogen peroxide 

mn Minute 
N NO 
NqC H 0 Sodium citrate 

, I N&O: S d u m  dithionite 
I temp Temperature 

Yes 

I Y  

Tnethylamtne 

1 6 0 m n  190°F N 

1 3 0 m n  40°F N 
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Table 23.  Summary of Screening Test Parameters for the Vegetation Sample 

Oxidizing or Other Number of Extraction 
Test Reducing Complexing Reagents Extractrori Time Per Extraction Further 
No. Agent Agent Used stas= stase Temperature Testing 

V-1 H,O, c6H807 Tnethylamme 1 6 0 m n  190°F Y 
V-2 Na,S20, N%C6H507 Tnethylamme 1 6 0 m n  190°F Y 

V-3 H,O, c6",07 Tnethylamme 1 6 0 m n  c40'F Y 
V-4 H,O, Ca(N03), -__ 1 6 0 m n  Roomtemp N 
v-5 --_ Ca(N03), _-- 1 9 0 m n  Roomtemp N 
V-6 ___  Ca(NO,), --- 1 90 m n  Room temp N 

V-8 HNO, C6",06 --_ 1 3 0 m n  Roomtemp N 
V-7 NaOCl --- --- 1 30 m n  170°F Y 

None 
Less than 
Degrees Fahrenheit 
Ascorbic acid 
cimc acrd 
Calcium mmte 
Hydrogen peroxide 
Nimc acid 
Mnutes 
No 
S d u m  citrate 
S d u m  hypochlonte 
S d u m  dtluonite 
Temperature 
Yes 
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Table 2.4 Summary of Solvent Extracbon Test Paranetem for Soil Sample #1 

Oxidizing or Other NumlKr of Extraction 
Test Reducing Complexing Reagents Extnrctmn Tune Per Extraction 
No Agent Agent Used stages stase Temperature 

P 
1 
I 
I 

1 --- --- Tnethylamme ) 60 mn Ext #1,2 - ~40°F 
Ext #3-5 - 10°F 

4 H 2 0 2  C6H807 Tnethylmne 1 30 rmn 150°F * 
10 Na$,O, N%C6HH,07 --- t 60 mn 150°F 

15 H202 c6H807 --- t 60 rmn 160°F 

None 
Less than 
Degrees Fahrenheit 
Citnc acid 
Hydrogen peroxide 
Mmutes 
S d u m  citrate 
S d u m  dthlomte 

* Hot aqueous extraction followed by cold (~40°F) methylamme examon 
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Table 2.5 Summary of Solvent ExtracUon Test Parameters for Soil Sample #2 

I 
I 
I 
I 
I 
I 

Oxidizing or Other Number of Extraction 
Test Reducing Complexing Reagents Extractm Time Per Extractm 
No Agent Agent Used StrQgeS smite Temperature 

A NG3204 Na3C6W7 --- 4 60 rmn 160°F 

B H202 C6H807 
--- 4 60 nun 190°F 

C Na2S20, N%C6”,07 -- 4 60 rmn 190°F 
D H202 c6H807 Tnethylamme 4 30 nun 190°F 

--- None 
“F Degrees Fahrenheit 
C6H807 Citnc acid 
H202 Hydrogen peroxide 
mn Mnutes 

Na?S,O, S d u m  dtthomte 
N&”,07 SOdlUm ClWate 
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Table 2.6. Summary of Solvent Extracbon Test Paramelms for the Vegetation Sample 

I 
I 
1 
I 
I 
I 

II 
I 
I 
I 

I 
I 
: I  
I 
I 

; I  I 

~ 

Oxidizing or Other Number of Extraction 
Test Reducing Complexing Reagents Extrriction Time Per Extraction 
No Agent Agent Used stages stase Temperature 

V-1 H20, C6H807 Tnet hylamme 0 60 nun 190°F 
V-2 N%SZO, Na,C,H507 Tnethylarmne 0 60 mn 190°F 
V-3 H20z C6H807 Tnethylamme 3 60 nun Ext 1,2 - 40°F 

Ext 3 - 190°F 
V-7 NaOCl --- --- 1 30 nun 170" F 

None 
Less than 
Degrees Fahrenheit 
Cttnc acid 
Hydrogen peroxide 
Wnutes 
Sdum citrate 
Sdum hypochlonte 
Sdum htluonite 
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I 3 0 

As descnbed in Sectlon 2 0, the sampling and analytical program was conducted by the bench-test technician in 

support of the Phase I solvent extracuon bench-scale treatability study to assess the ability of solvent extraction 

technology to remove COCs from contanunated RFP soil and vegetauon Thw analytical program was 
accompanied by a quality assurance/quality control (QNQC) program to establish the defensibility of the 

reported analytical results The analyhcal and QNQC programs conducted for the Phase I solvent extraction 

bench-scale treatability study are summanzed below 

I 

3 1 Analytical Program Design 

As descnbed in Sechon 2 0, the analyocal program for the Phase I berich-scale testing included three general 

components (1) chemcal charactenzauon of the RFP feed soll and v1:getauon samples pnor to testmg, 

(2) rdoacavity screemng analyses in support of Phase I bench-scale weening tests, and (3) radtochemcal 

analyses for COCs in support of Phase I bench-scale solvent extracuoii tests Sample analyses for all three 

components of the Phase I analytical program were performed at the Ihmtory  on locauon 

I 
I 

3.1 1 Feed Sample Chemical Characternabon I 
Pnor to conducang the Phase I bench-scale tests, the feed soil and ve$:etaaon samples obtatned from RFP were 

screened, thoroughly blended, and spht into analyucal and test samplvs as descnbed in Section 2 1 The 

analytical sample splits were submtted to the on-site laboratory to be analyzed for the following radmchemcal 

parameters Pu-238, Pu-239,240, U (total), Am-241, gross alpha, and gross beta. Plutonium and amencium 

isotopes were analyzed for using alpha spectrometry, u m u m  was analyzed usmg lunetic phosphonmetry, and 

gross alpha and gross beta were analyzed using gas proporuonal councmg The specific analyucal protocols 

applied for the charactenzauon of feed samples followed the on-site lsboratory standard operatmg procedures 

(SOPS) for radlochemcal analyses as documented in the Quality Assurance Addendum (QAA) for the solvent 

exmctlon bench-scale treatability study Results from the feed sampk chemcal charactenzaaon analyses 

established feed (influent) concentrauons of COCs for the Phase I tesang and were used to assess removals of 

COCs acheved by the Phase I tests 

I 
I 
i 
I 
I 
1 

In &tion to radmhemcal analyses, the analytical sample splits froni the feed samples underwent screening 

lnalyses for total solids oil and grease, buffenng capacity (titration curve), and pH These analyses were 

performed on lOCahOn by bench-test technicians using their internal SOPs Results from these andyses assisted 

in the design of the Phase I bench-scale tests 
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3 1 2  Radioactivity Screening Analyses for Bench-scale Screening rests 

I 
I 
I 
I 
I 
I 
I 

As descnbed in Sectlon 2 2, the Phase I bench-scale tesung program iiicluded screerung tests using specific 
extracuon formulations for effecuveness in removing COCs from the ILFP feed sod and vegetation samples 
These screening tests generally involved the performance of a single eruactlon To estunate the effectiveness of 
the exuacuon in removing COCs, the extract soluhon generated from cbach screening test was submtted to the 
on-site laboratory to undergo semquanutauve screenmg analyses for ~ o s s  alpha acuvity Performance of these 
screening analyses involved m&fying the on-site laboratory’s SOP for gross alpha analysis to utilize a smaller 
sample aliquot (-1 ml), a simplified sample preparauon procedure (1 e ,  dmct loadtng of sample onto a 
planchette), and an abbreviated counung time Although the screening analyses produced data with greater 
associated uncemnty than the on-site laboratory’s standard method for gross alpha analysis, the screening 
analyses data allowed specific extracuon approaches to be evaluated on an expedted basis dunng Phase I 

3 1 3 Radiochenucal Analyses for Bench-scale Solvent Extrachon rests 

Extracuon formulauons and approaches showing promse based on screerung results were more thoroughly 
investigated by perfomng addiuonal extracQon stages Samples of major process h a  from these tests were 
subnutted to the on-site laboratory to be analyzed for specific radmchc1rmcal parameters Process sample types 

and analyhcal parameters for these Phase I solvent exuacuon tests are summanzed 111 Table 3 1 These analyses 
employed the same analyhcal methods used in the feed sample chenuud charactemon analyses, and followed 
the on-site laboratory’s SOPS for nxhochemcal analyses as documenmi in the QAA for the solvent extracuon 
bench-scale treatability study 

3 2  Quality AssurandQuality Control Program 

QA/QC protocols were apphed dunng the Phase I solvent extraction bench-scale matability study to establish the 
reliability of the reported analytical results Multiple intemal QC checks were performed dunng test sample 
analysis, includmg the analysis of duplicate test samples, laboratory method blanks, and laboratory control 
samples Radmchemcal tracexs were used as required by method Sol’s to monitor the recovery of COCs from 
test sample mamces Following sample analysis and results repomng a data review and validauon program was 
implemented to assess data quality and defensibility, and to idenhfy pltenual limtations on data useability 

relauve to the objecaves of the weatability study 

Detarls of the QA/QC program for the solvent extraction bench-scale reatability study are provided in the QAA 

Data quality issues identified from the application of QNQC protocolr in the Phase I testing will be discuswd &\ 

they relate to \pecific test result\ in Section 4 0 A \ummary of overzll data quality tor the \olvent extraction 
bench-\cde treatability study will be included in the f i n d  report 
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Table 3 1 Summary of Phase I Sampling and Analytrcal Program 

Analytical Parameters 
Number of 

SIUnPles 
PrOCeSS Ca Uected Total 

Sample Type' When Collected Pw Test Pu-239,240 U 

Interstage solids After each intermediate 
extraction stage 

! to 4b X X 

I Interstage extract After each intermediate 1 to 4b X X 

I solution extractlon stage 

Final treated solids After final extrachon stage I X X X 

Final extract solutlon After final extracaon stage 1 X X X 

Fmal extract concentrate After combimng and 1) to 1' X X X 

(heavy phase) concentratlng all extract soluuons 
from test 

I 
I 

Pu Plutomum 
U U m u m  

a. 
b 

C 

Includes major process &a sampled dunng Phase I tests 
The total number of extracuons performed vaned between thth &fferent bench-scale tests (see 
Sectlon 2 3) 
Not collected dunng all Phase I bench-scale tests 

iU 
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4 0 RESULTS AND DISCUSSION 

Thls section presents the results of the Phase I bench-scale tesung, as descnbed in Section 2 0 includmg 

analytical results, percent contarmnant removal calculauons, mass balance calculaaons, and data quality 

assessment 

4 1 Phase I Bench-scale Testing 

The Phase I bench-scale tests produced both process and analyhcal rewlts Process test results for each soil and 

vegetauon sample included approximate values for extracuon tempera1 ure, extracuon ume, solids settling and 

cenmfugauon charactensucs, oxidauodreduction agent ad&uon, complexing agent addmon. feed to reagent (I e , 
oxldatiodreduction and complexing agent) ratios, and solvent to reagent ratios Analyucal results identified the 

percent of plutonium removed for each set of process con&uons for each soil and vegetauon sample tested 

Analyhcal results provided data for mass balance calculatlons Analyocal and test parameter results of the Phase 

I bench-scale tesung were used to identify the test parameters to be UWXJ dunng Phase I1 tesung Results from 

the three components of the bench-scale tesung sample preparahon, streemng tests, and solvent extracuon tests 

are summanzed below for soil sample #1, soil sample #2, and the vegetauon sample 

4.1.1 Feed Sample Preparatron Results 

Following the screemng, homogenization, and sphtung descnbed in SEChOn 2 1, the chemcal charactenzauon 
analytical samples were submued to the on-site laboratory for chemc al analysis to provide data to evaluate the 

effecuveness of the blendng process The results of plutomum chemical charactenmion analyses for each 

sample are presented m Table 4 1 The observed vanauons in the feed soil concentrauons can be attnbuted to 

the analytical vmance, based on the fact that all feed soil concentmuons fell within the !W% confidence interval 

The vmauons m the vegetahon feed concentrauons may be attnbuted to analytical vanance and the inherent 

heterogeneity of the sample matnx A stausr~cal evaluauon of the chi:rmcal charactenzauon analyucal results 
was performed and is Qscussed in Section 4 2 1 Addhonal analyticd results (I e ,  uranium, amencium, and oil 
and grease, etc ) for chemcal charactenzauon analyses for each sample are presented in Appendix A 

4 12  Soil Sample #1 Test Results 

The process data collected dunng Phase I bench-scale testing of soil mmple #I are summanzed as follow\ 

The extraction temperatures vaned from 34 degrees Fahrenheit ( O F )  to 190'F 

The extraction time\ vaned from 30 mnutes to approximately 14 houn 

Solid\ \enling time\ of up to 30 minutes were tested and centnfugation wrw required 

The oxidatiodreduction md complexing agents tested are weenred in Table 2 4 
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The ratlo of feed to reagent (I e , oxidatiodreduction and complexing agents), expressed on a weight- 

to-weight basis vaned from 1 1 to 1 100 

The ratlo of solvent to reagent, expressed on a weight-to-weight basis, vaned from 1 0 to 10 1 

The results of Pu-239 240 and total uranium analyses conducted on soil sample #I feed, interstage ti e , first 

extraction second extraction, etc ), and final treated solids from Phasv I solvent extraction tests are presented in 

Table 4 2 The analytical results show that in tests 10 and 15, plutonium is reduced from a mean feed 

concentrauon of 740 pCdg to 86 pCdg and 97 pCi/g, respectively, in the final treated solids Addmonal 

analytical results (i e , extract solution, extract concentrate) from Phase I, soil sample #I solvent extracuon tests 

are presented in Appendx A 

4 1 3 Soil Sample #2 Test Results 

The process data collected dunng Phase I bench-scale tesung of sod ample #2 are summanzed as follows 

The extracuon temperatures vaned from 34°F to 190°F 
The extracuon umes vaned from 30 to 60 mnutes 

Solids settling umes of up to 30 mnutes were tested and tenmfugauon was required 

The oxldatlodreductlon and complexing agents tested are presented in Table 2 5 
The rauo of feed to reagent (1 e , oxidauon/reducuon and complexrng agents), expressed on a weight- 

to-weight basis, was vaned from 1 1 to 1 8 
The rauo of solvent to reagent, expressed on a weight-to-weight basis, was vaned from 1 0 to 19 1 

The results of Pu-239,240 and total uranium analyses conducted on soil sample #2 feed, rnterstage (i e , first 

extraction, second extraction, etc ), and final treated solids from Phase I solvent e x m o n  tests are presented in 

Table 4 3 The analytical results show that in tests A and C, Pu-239.240 is reduced from a mean feed 

concentrauon of 1350 pCdg to 170 pCdg and 180 pCi/g. respectwely, in the final treated solids Aational 

analytical results (I e , extracuon solution, extraction concentrate) frorn Phase I, soil sample #2 solvent extractlon 

tests are presented in Appendix A 

4 1.4 Vegetatlon Sample Test Results 

The process data collected dunng Phase I bench-scale testlng of the EFP vegetation sample are summanzed as 

follow\ 

The extraction temperatures vaned from 34°F to 190°F 
The extraction time\ vaned from 30 to 90 nunutes 

Solid\ \ettling times ot up to 3 0  mnutes were tested and tentnfugation wrls required 

The oxidation/reduction md complexing agents tested a e  pre\ented in  Table 2 6 
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The ratlo of feed to reagent (1 e , oxidatlodreduction and complexing agents), expressed on a weight- 

II 
to-weight basis was 1 8 
The ratlo of solvent to reagent, expressed on a weight-to-weight basis was 5 1 

The results of Pu-239,240 and total uranium analyses conducted on feed, interstage (I e ,  first exfracuon, second 
extraction, etc ), and final treated solids from Phase I solvent extracucln vegetatlon tesung are presented in 

Table 4 4 The analyucal results show that in test V-2, Pu-239.240 is reduced from a mean feed concentratlon of 
620 pCdg to 87 pCdg in the final treated solids The observed vanability in the interstage solid results may 
reflect heterogeneities between the small sample aliquots used Awtional analytical results (I e , exuacuon 
solution, extramon concentrate) from Phase I, vegetation sample solvcmt extraction tests are presented in 
Appendix A 

4.2 EVALUATION OF PHASE I ANALYTICAL RESULTS 

Data evaluauon of Phase I analytical results was performed to assist 111 assessmg the overall bench-scale test 
performance dunng Phase I tesung The following three specific evaluauons of Phase I analytlcal data were 
performed (1) a stahshcal evaluauon of feed sod analyhcal results, (2) evaluauon of percent contarmnant 
removal (Pu-239.240). and (3) evaluatlon solids and contarmnant mas*, balances These evaluauons are presented 
below 

4.2.1 Stahsbd Evaluahon of Feed Soil 

For each of the two soil samples and one vegetaaon sample, the anthlnetic mean, standard dewauon, and 

90 percent confidence intervals were calculated for the feed sod concrmtrations to assess the vanability and 

homogeneity of the feed sample streams These stausucs were calcu1,ited for Pu-239,240 These statistics were 

calculated using the following formulas 

Standard deviation = s = n (n-i) 

Upper confidence interval = (< ) + (t,n)(d 
Vn 

Lower confidence interval = ( 7  ) - - (t,nNs) 

Vn 
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where 

x, = The concentrauon of Pu-239,240 measured m an individual replicate chemcal charactenzation 
analysis of a feed sample dunng Phase I Three individual replicate analyses were performed for 
soil sample # I ,  and 4 such analyses were performed for soil sample #2 and the vegetation sample 

n = The number of observauons (1 e , the number of indwdiial replicate results for each soil or 
VegetatlOn sample) For soil sample # I ,  n = 3, whereas n = 4 for soil sample #2 and the 
vegetauon sample 

= The Student's t-Distnbution for the 90 percent confidewe interval for n-1 degree of freedom (t-, 
= 2 920 for 2 degrees of freedom [soil sample #11, and t,, = 2 353 for 3 degrees of freedom [soil 
sample #2 and the vegetation sample]) 

t=, 

StaUstics for the Phase I feed soil and vegetauon samples are presented in Table 4 5 Based on the range in 

values for the standard deviatlon, the staustics i d c a t e  that the highest degree of vanability in feed soil results 

was observed ~I I  soil sample #2 and the vegetauon sample results Specifically, the 90 percent confidence 

interval of the Pu-239.240 concentrahon in soil sample #2 ranged from 1 1  13 pCdg to 1585 pCdg and from 

approximately 481 pCdg to 752 pCdg in the vegetauon sample For fhese examples, a standard deviauon of 

201 pCdg and 115 pCdg was calculated for sod sample #2 and the vegetauon sample, respecavely, relative to 

mean concenrrauons of 1350 pCdg and 620 pCdg, respecuvely Calculaaon of percent relauve standard 

deviatlons (%RSDs) based on these values (Sfitunes 100) produce %RSDs of less than 20 percent for both 

samples, which is considered acceptable for radmchemcal analyses 

4.2 2 Evaluatmn of Removal Ef'ficiencies for Plutoruum 

The percentages of PU-239,240 removed were calculated for Pu-239.240 for each of the solvent exrractlon tests 

conducted in Phase I The indwidual percentages of Pu-239,240 removed were calculated using analyUcal results 

from feed and treated sohd samples as follows 

(Feed Sample Pu-239 240 Conmuauon)-(Treated Solid Pu-239 240 Conanlrauon) x 100 = Pu-239 240 PercCnt RCIIXW~ 
(Feed Sample Pu-239240 Conanuauon) 

The calculated results of the Pu-239,240 percent removal are presented below 

4.2.2 1 Soil Sample #I Pu-239,240 Percent Removal Results 

The percentages of Pu-239,240 removed for Phase I testing of soil sample # I  a e  wnmanzed in Tdble 4 6 The 

resulb, bawd on the mean feed concentration, ranged from 55 to 88 percent removal of Pu-239,240 trom \oil 

\ample # I  

te\h 4, IO, md 15 were equivdent within analytical vmance The pxameten u\ed dunng each ot the\e te\t\ 

a e  wnmanzed in Table 2 4 

Test IO demomtrated the maximum mean contanunant removal of 88 percent However result\ ot 
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4.23 2 Soil Sample #2 Pu-239,240 Percent Removal Results 

The percentages of Pu-239,240 removed for Phase I tesung of soil sample #2 are presented in Table 4 7 The 

results, based on the mean feed concentrauon, ranged from 63 to 87 percent removal of Pu-239,240 from soil 
sample #2 Test A demonstrated the maximum mean contarmnant removal of 87 percent However, results of 

tests A, B, and C were equivalent within analyucal vanance The pa ameters used dunng each of these tests are 

summanzed in Table 2 5 

43.2 3 Vegetatlon Sample Pu-239,240 Percent Removal Results 

The percentages of Pu-239,240 removed for Phase I tesung of the ve setation sample are presented in Table 4 8 

The results, based on the mean feed concentrauon, ranged from 50 ta 86 percent removal of Pu-239,240 from 
the sample Test V-2 demonstrated the m u m  mean contarmnant removal was 86 percent The parameters 
used dunng each of these tests are summanzed in Table 2 6 

4.2 3 Sol& and Pu-239,240 Mass Balances 

Mass balance calculauons were perfomed on the basis of Phase I test and analyt~cal results Mass balance 
calculations consisted of solids mass balances and Pu-239,240 mass €dances for each of the solvent extractton 
bench-scale tests conducted in Phase I Solids mass balances for each sod and vegetauon sample were computed 
using the total weight of each feed sample, treated solids samples, m process samples, and nonvolatlle reagents 
used dunng each solvent extraction test Data used for calculauon 01 the solids mass balances are presented in 
Appendix B The percent mass recovered for each test was calculated as follows 

Percent Solids Recovered = Mass of effluent solids x 100% 
Mass influent sohds 

where 

Mass of effluent solids = total mass of treated solids recovemi after completlon of each solvent extraction 
test 

Mass of influent solids = total mass of feed sample, on a dry basis, and mass of nonvolaule reagents 

Contanant mass balances for Pu-239,240 were conducted using the process and analyucal data presented in 
Appendix A The percent contaminant recovery was calculated as fallows 
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Percent Pu-239,240 Recovered = X [Conc,,, x Mass,,,I x 100% 

(PU-239 240 Mass),,,, 

where 

Pu-239,240 Mass,,,, 

COnC[fee*, 

Cone,,, 

= Conc,,,, x Mass of feed sample in gmns (as received basis) 

= Concentration of Pu-239,240 in the feed sample, pCdg (as received basis) 

= Concentration (as received basis) of Pu 239,240 in the specific process fracuon, 
pCdg (this includes treated solids, intentage solids, and extract samples) 

Mass,, = Total (as received) mass of the specific process fracuon, in grams 

4.23 1 Soil Sample #1 Solids and Contaminant Mass Balance R~sults 

Solids and Pu-239,240 mass balance results for soil sample #I are surnmanzed in Table 4 9 Solids mass 
balance results for soil sample #I ranged from 95 to 108 percent recovery Contarmnant mass balance results for 

soil sample #I show that the Pu-239,240 recovenes ranged fiom 47 to 107 percent With the excepaon of test I ,  

the Pu-239,240 recovenes dunng Phase I tesmg of soil #1 were wittun the laboratory’s control limts of 

75 to 125 percent, Recovenes outside of thls range may be caused by matnx effects, sample inhomogeneity, 

and/or vanatlons in sample preparauon protocols 

433.2 Soil Sample Wt Solids and Contanunant Mass Balance R~sults 

Solids and Pu-239,240 mass balance results for soil sample #2 are surnmanzed in Table 4 10 Solids mass 
balance results for soil sample #2 ranged from 87 to 96 percent recovery Contarmnant mass balance results for 

soil sample #2 show that the Pu-239,240 recovenes ranged from 62 to 98 percent With the exception of test B, 
the Pu-239,240 recovenes were withm the laboratory’s control limts of 75 to 125 percent for blank spdce 

recovenes 

423 3 Vegetatnon Sample Sohds and Contarmnant Mass Balance Results 

Solids and Pu-239,240 mass balance results for the vegetation sample are summanzed in Table 4 11 Soltds 
mass balance results for the vegetauon sample ranged from 63 to 105 percent recovery Contamtnant mass 

balance results for the vegetahon sample show that the Pu-239.240 recovenes ranged from 114 to 134 percent 

These recovenes are near or within the laboratory’s control limt range of 80 to 120 percent recovery for blank 

spike samples In addition, recovenes of greater than 100 percent for the vegetauon sample may be attnbuted to 
vanability in the total solids dndysis of the feed \ample 
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Table 4.1. Summary of Pu-239,240 Chemlcal Characternation Analybcal Results 

Soil Sample #1 Soil Sample #2 Vqetation Sample 
( P c m  ( P c m  (PC%9 

NA 1530 
799 1514 
664 1200 

1152 - 149 - 

68 1 
599 
463 - 725 

Mean 740 1350 620 

pCdg Ptcocunes per gram 
NA Notanalyzed 
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Table 4 2 Summary of Soil Sample #1 Solids Analytlcal Results 

- Results 
Pu-239,240 Total U 

(PQk) (P8/8) 

Test 1 
Feed* 7 4  12 
5th ext (final treated) Solids 3 4  5 4  

Test 4 
Feed* 7'10 12 
1st ext. Solids 370 2 7  
2nd ext Solids lo0 1 7  
3rd est (final rreated) Solids 1 IO 10 

Test 10 
Feed* 740 12 
1st ext Solids 200 
2nd ext Sohds 05 
4th ex& (final treated) Sohds Ii6 1 4  

Test 15 
Feed* 740 12 
1st ext. Solids 120 
2nd ext Soh& 6 2  
3rd ext. Sohds 30 
4th ext (final treated) Sohds 07 0 86 

U 

U 

ext Extraction 
pCdg plcocunes per gram 
Pdf2 M'mogramspergram 

* 
I 

Mean feed concentration (dscussed in Secuon 4 2 1) 
Sample not analyzed for total u m u m  
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Table 4 3 Summary of Soil Sample #2 Solidk Analytical Results 

Rrwlts 

Pu-239,240 Total U 
(PCW (Wg) 

Test A 
Feed* 135C 6 2  
1st ext Solids 350 
2nd ext Sohds 220 
3rd ext Solids 180 
4th ext (final treated) Solids 170 14 

(I 

0 

# 

Test B 
Feed* 135C 6 2  
1st ext Solids 4w 
2nd ext Sohds 400 
3rd Gxt. Solids 2 3  
4th ext. (final treated) Solids 23c 090 

# 

# 

# 

Test C 
Feed* 135C 6 2  

4th ext. (final treated) Soh& 
3rd ext Sohds 170 # 

# 180 

Test D 
Feed* 1350 6 2  
4th ext (final treated) Solids 500 1 3  

ext Extracuon 
pCdg Ptcocunes per gram 
Pdg Mi~OgramS per gram 

* 
# 

Mean feed concentratton (hscussed in Section 4 2 1) 
Sample not analyzed for total u m u m  
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Table 4 4 Summary of Vegetation Solids Analytlcal Results 

Results 
Pu-239,240 Total U 

T a t  V-1 
Feed* 620 5 7  
3rd ext Solids 1 1 0  
4th ext Solids 81 
6th ext (final treated) Solids 220 0 70 

# 

# 

Test V-2 
Feed* 620 5 7  
3rd ext Solids 11 
4th ext Solids 0 
6th ext (final treated) Solids 8 '  0 70 

a 
# 

Test V-7 
Feed* 620 5 7  
1st ext. Solids 370 
2nd ext (final treated) Solids 3 10 14  

a 

ext Extracaon 
pCdg Plcocunes per gram 
Pdg Ml~Ograms per gram 
* 
# 

Mean feed concentmuon (dscussed in Secuon 4 2 1) 
Sample not analyzed for total u m u m  
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Table 4 5 Phase I Feed Sod and Vegetatmn Stahtical Evaluatmn of Plutontum Analysls 

Cont xntrahon 

Chemlcal C h e m d  Chemical 
Charactenzatmn Characterization Charactenzatmn 

Results Results Results 
Soil Sample #I Soil Sample #2 Vegetation Sample 

- 

(PCW ( I m 3 )  (PCW 

Concentrations NA 
799 
664 
749 

Mean 740 

Standard Deviauon 68 

90% Confidence interval 
Upper Interval 852 
Lower interval 622 

1 530 
1514 
1 200 
1153 

1350 

201 

1585 
1113 

68 1 
599 
463 
725 

620 

115 

752 
481 

NA Not analyzed 
pCdg Picocunes per gram 
% Percent 
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Table 4 6 Soil Sample #1 Pu-239,240 Removal 

' I  
' I  
' I  

Feed* Treated Solids 
Test Number of Concentrabon Coincentrabon Percent 

Number Extractmns ( P C W  (PCW Removal 

1 
4 
10 
15 

5 740 340 55 
3 740 130 82 
4 740 86 88 
4 740 95 87 

pCdg Picocunes per gram 

* Mean feed concentmuon (dscussed in Secuon 4 2 1) 
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Table 4 7 Soil Sample #2 Pu-239,240 Removal 

Feed* Treated Solds 
Test Number of Concentrabon Concentrabon Percent 

Idenbficatmn Extractions (DCiP)  (RCdlE) Removal 

A 
B 
C 
D 

4 
4 
4 
4 

1,350 174 87 
1.350 230 83 
1,350 180 86 
1,350 500 63 

pCdg Picocunes per gram 

* Mean feed concenmon (discussed in Sectlon 4 2 1) 
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Table 4 8 Vegetation Sample Pu-239 240 Removal , 

Feed* rreated Solids 
Test Number of Concentrahon Coneentrahon Percent 

Idenhficatmn Extrachons ( P C W  (PCW Removal 

v-  1 4 620 220 64 
v-2 4 620 87 86 
v-7 2 620 3 10 50 

pCdg Plcocunes per gram 

* Mean feed concentrauon (d~scussed in Sectlon 4 2 1) 
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Table 4 9. Soil Sample #1 Solids and PU-239,244) Mass Balance Results 

sollds Pu-239,240 
Test Recovery Recovery* 

Number (Dement) (Dement) 

1 102 47 
4 108 7 1  

10 95 97 
15 96 I 07 

pCdg Picocunes per gram 

* Based on mean feed concentrauons 
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Table 4 1 0  Soil Sample #2 SOLds and Pu-239,240 Mass Balance Results 

I 
I 
1 

Sollds Pu1-239,240* 
Test Recovery ELecovery 

Idenhfication (percent) (IIercent) 

A 96 98 
B 87 62 
C 94 79 
D 93 84 

* Based on mean feed concentratlons 

E 
I 
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Table 4 11 Vegetabon Sample Sollds and Pu-239 240 Mass Balance Results 

Solids pl1-239,240* 
Test Recovery IZecovery 

Idenbficatxm (percent) (percent) 

v- 1 
v-2 
v-7 

~~ 

* Based on mean feed concentmuons 

63 1 27 
105 134 
82 114 
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5 0 SUMMARY OF RESULTS AND RECOMMENDATIONS 

Ths section summanzes the RFP soil and vegetation Phase I bench-scale test results and provides 

recommendaaons based on these results Phase I bench-scale solvent extraction tests were evaluated to 

(1) generate performance data for removing plutonium from RFP soil and vegetaaon, (2) idenafy near opamum 

operating parameters (1 e , number of extracuon stages, extracaon temlnrature, pH, solvent raaos, and 
pretreatment requuements) for removing Pu-239,240 from RFP soil ard vegetaaon, (3) calculate a Pu-239,240, 
and solids mass balance for each of the solvent extraction tests performed dunng Phase I, (4) calculate the 
percent of Pu-239,240 removed from RFT soil and vegetation after sol vent extracuon testing, and (5) evaluate 
the potenaal of Phase I1 bench-scale tesung to remove Pu-239,240 from the soil and vegetaaon sample to 
concentraaons at or below the treatability study benchmarks (TSBs) 

I 
I 
~I 
1 

The results of the Phase I bench-scale tests, as summanzed in Table 5 1, indicate that a sigmficant removal of 
Pu-239,240 from RFP sod and vegetaaon was acheved dunng Phase 1 testmg The Pu-239,240 removal for the 

tests with the most favorable results, following four extracaons, was E 8 percent for soil sample #1, 87 percent 
for soil sample #2, and 86 percent for the vegetaaon sample Pu-239,240 and sohds mass balance results, 
summanzed in Table 5 1, support the Pu-239,240 removal results Solids recovery ranged from 95 to 

105 percent and Pu-239,240 recovery ranged from 97 to 134 percent 

1 

I 
I 

I Based on the results of the Phase I bench-scale solvent extracaon test mg, RCC's solvent e x m a o n  process is an 
effecave treatment for the removal of Pu-239,240 from RFP sod and vegetauon Therefore, proceedng with 

Phase I1 testmg is recommended to identify near opamum extracuon ])ammeters, allowing evaluatlon of the 
potential of solvent extracaon to remove Pu-239,240 from the sod and vegetauon samples to concentraaons at or I below the TSBs 

It is recommended that two tests of RFP soil be conducted dunng Ph'rse 11, one test usmg sodtum dtluotute and 
s d u m  citrate, and a second test usmg peroxide and cimc acid It is also recommended that one test of RFP 
vegetaaon be conducted dunng Phase 11, usmg a combination of sodtiim dthionite and sodtum citrate 

I 
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I Table 5 1. Summary of Phase I Bench-scale Test Results 

Pu-239,240 Pu-239,240 Solids 
Number of Removal Recovery Recovery 

sample Extractions (percent) (percent) (percent) 

Soil sample #1 
Soil sample #2 
Vegetauon sample 

4 88 97 95 
4 87 98 96 
4 86 134 105 
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Appendix A 
Analytical Results 
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-lC 
-17 
-lE 
-1s 
- 2c 
-21 I a,. 

9447-184 
-02 

Redo -02 1- 

Analyses Results 
A m  

Pu-2391240, Pu-238, KPA U, Gross a, Gross b, 241, O&G, 
Description pcdg pcdg uglg pc l/g pc l/g pc dg mgkg 
umber One 

Left Tree Side Spht 
Left Tree Side Spht 
Left Tree Side Spht 
Redo after Gnndtng 79897 1251 

I I - 
556 5 

hght  side tree suht 52641 8829 
kght  side m e  split 50165 7018 
redo 66401 10414 
redo 74876 12955 



Am- 
Pu-239/240, Pu-238, KPA U. Gross & G ~ O S S  b, 241, O&G. 

SampleID Desnptwn pcdg pcdg ug/g pc dg pc dg pc dg mgkg 
Soil Sample Number Two 
9448-049 

-02lLeft side tree split I 15302 I 23865 I 6634 I 11275 I 51 13 I I 1200 
-03lleft side tree split I 15143 I 2427 1 6435 I I I 1 

-03 
-04 
-05 

I 
-06 I -07 

-09 
- 1c 1 -1 1 
-12 
-13 I - 14 
-15 Test B. 3 sohds 
-16 Test B. 4 extract soh 
-17 Test B, Treated sohds 
-19 Test C, 3 solids 
-20 Test C, Treated solids 
-2 1 Test C, comwsite extract soln 
-22 Test D, 1st composite extract soh 
-23 Test D, 2nd composite extract soln 
-24 Test D. treated solids 

221 84 
4 223 
229 

172 14 
184 

29 762 
0 034 
56 8 
496 

I 
I 
I944”Is 

I 
-02IRip;ht side tree spht I 12001 
-03IRinht side tree spht I 11525 3 

+ q j z l T  
< 0085 

19919 I 7 195 I I I I 
19072 I 652 I I 251 86 I 



-0 1 
-02 
-03 

74 929 Homogenized Feed 
Left side tree split 68078 10766 
Left side tree split 598 8 9432 5 8 2  
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Test 1 Plutonium-239/240 Mass Balance 
Net 

Item Description M=.R p c i  
Concentralion, Activity, 

ACTIVITY INPUT 
Feed 90072 740 666532 8 

Total Input 666532 8 

ACTIVITYOUTPUT 
Treated Sohds 802 8 335 79 269572 

Organic Concentrate 132 4 6 9  914 
Samples 1165 not anal NA 

Total Output 270486 I 

Test 4 Plutonium-239l240 Mass Balance 
Net 

Concentration, Activity, 

I Fesd 899 740 66526 

Total Input 

ACTIVITYOUTPUT 
2 Extract sol'n 
3 Heavy Phase 
3 Concentrate 

3 Sohds 
5 Extract sol'n 
6 Extract sol'n 

6 k h d s  
10 Extract sol'n 
Treated Sohds 

41 8 
844 
158 6 
5 2  
39 9 
107 2 
5 4  
155 
78 3 

51 985 
235 27 
1075 

321 5Sl 
26 584 
87 30f 
188 8i 
34 28; 

134 

66526 

2173 
19857 
170 
1672 
1061 
9359 
1020 
5314 
10492 

I Total Output 51118 

TOTALINPUT 66526 I 
TOTALOUTPUT 51118 I 

CENT RECOVERY 76 8% I Pemnt Removal 81 9% 



'est 10 Plutonium-2391240 Mass Balance 
Net 

Concentration, Activity, 

TOTALINPUT 66600 
TOTALOUTPUT 64508 

CRCENT RECOVERY 96 9% 

Item Description Mass,g pCVR pci  
i m  INPUT 

Percent Removal 88 3% 

Feed 90 740 66600 

Total Input 

4ccTIvITyoUTPUT 
1 Extract sol'n 

1 Sohds 
2 Extract sol'n 

2 Sohds 
3 Extract sol'n 
4 Extract sol'n 
Treated Sohds 

66600 

758 66 731 50582 
8 3  205 4 1705 

710 2 6 383 4533 
35  94 788 332 

683 8 0 848 580 
693 3 0 403 279 
75 2 86 4 6497 

Total Output 64508 

'est 15 Plutonium-239/240 Mass Balance 
Net 

Item Description R pcVg pci 
Concentration, Activity, 

KxTvITYrNPUT 
Fccd 90 740 66600 

Total Input 

iccTIvITyoUTPuT 
1 Extract sol'n 

1 sohds 
2 Extract sol'n 

2 Sohds 
3 Extract sol'n 

3 Sohds 
4 Extract soh  
Treated Sohds 

756 5 
3 2  

760 7 
3 

707 1 
4 5  
728 
75 8 

687 
116 5!1 
11 !w 
6 167 
2 018 
50 12t1 
1358 
947 

66600 

5 1972 
373 

9086 
19 

1427 
226 
989 
7178 

Total Output 71268 

TOTALINPUT 66600 1 
TOTALOUTPUT 71268 I 

SCENT RECOVERY 107 0% I Percent Removal 87 2% 



Test A Plutonium-2391240 Mess Balance 
Net 

Item Description M w . ~  PCVR pci  
Concentration, Activity, 

ACTIWIT INPUT 
Fetd 875 1350 118125 

Total Input 118125 

ACTIVITYOUTPLJT 
1 Extract sol'n 

1 Sohds 
2 Extract sol'n 

2 Sohds 
3 Extract sol'n 

3 Sohds 
4 Extract sol'n 
Treated Sohds 

758 9 
5 1  

781 6 
4 6  

705 3 
4 3  

663 1 
72 1 

109 73 
353 09 
15 806 
219 29 
4 741 
182 73 
1 38 
1 74 

83274 
1801 
12354 
1009 
3344 
786 
915 

12545 

I Total Output 1 16028 

I 
TOTALINPUT 118125 1 

TOTALOUTPUT 116028 1 
ERCENT RECOVERY 98 2% I Percent RCIXIOV~ 87 1% 

rest B Plutodurn-239/240 MU Baimc~ 
Net 

Concentralion, Activity, 

Fecd 875 1350 118125 

Total Input 118125 

4cTIVITYoUTPUT 
1 Extract sol'n 

1 Sohds 
2 Extract s o h  

2 Soh& 
3 Extract sol'n 

3 Sohds 
4 Extract sol'n 

4 Fiies 
Treated Sohds 

734 1 

753 9 
7 1  

710 3 
6 9  

635 1 
1 9  

54 8 

4 8  
39 745 
486 59 
22 465 
406 59 
5 558 
227 84 
4 223 
879 95 
229 

29177 
2336 
16936 
2887 
3948 
1572 
2682 
1672 
12549 

Total Output 73759 



Test C Plutonium-239/240 Mass Balance 

TOTALOUTPUT 9872 I 
ERCENT RECOVERY 83 6% I Percent Removal 63 3% 

Concentration, Activity, Net I 
Item Description Mass& 

ACTIVITY INPUT 
Feed 875 1350 118125 

118125 

80792 

Total Input 

ACTIVITYOUTPUT 
Composlte Extract soh  2714 6 29 76:' 

1 & 2 Solids 14 2 
3sOhds 6 3  172 14 

TnatedSohds 642 184 11813 

Total Output 93689 

TOTALINPUT 118125 1 
TOTALOUTPUT 93689 I 

CENT RECOVERY 79 3% I Percent Removal 

Test D Plutonium-239/240 Mass &lance 
Net 

Concentmition, Activity, 
Item Description Mass,g wua Pci 

ACTMTYINPUT 
Fced 875 1350 118125 

Total Input 11812.5 

ACTMTYOUTPUT 
Comp Extract s o h  1 
Comp Extract soh 2 

96 1 
100 4 

TmttcdSohds 84 

0 034 
56 8 
4% 

3 
5703 
4166 

Total Output 9872 



I 
I 

TOTALINPUT 10354 
TOTALOUTPUT 13146 

CRCENT RECOVERY 127 0% 

I 
I 
I 
I 
I 
I 
I 

Perccnt Removal 64 4% 

I 

'est V1 Plutonium-239/240 Mass Balance 
Net 

Item Description M w , g  pcug pci 
Concentration, 4ctivity, 

CTMTY INPUT 
Feed 167 

Total Input 

iccTNITyouTpuT 
1 Extract sol'n 
2 Extract sol'n 
3 Extract sol'n 

3 Sohds 
4 Extract sol'n 

4 Sohds 
5 Extract sol'n 
6 Extract sol n 
Treated Sohds 

294 5 
396 5 
402 6 
0 5  

385 2 
1 3  

217 6 
204 2 
88  

620 

21 2 
7 76 
3 26 

109 36 
106 

81 036 
NA 
0 

221 

10354 

10354 

6243 
3077 
1312 
55 
408 
105 

0 
1945 

Total Output 13146 

:est V2 Plutonium239/240 Mass Balance 
Net 

Item Description M=,R pcuR pci  
Concentration, Activity, 

LcTMTY INPUT 
Feed 167 620 10354 

Total Input 

LCCTIVITYOUTPUT 
1 Extract sol'n 
2 Extract soh 
3 Extract sol'n 

3 Soh& 
4 Extract s o h  

4 Sohds 
5 Extract sol'n 
6 Extract sol'n 
Treated Sohds 

307 5 
387 1 
369 2 
1 2  

3725 
2 

215 6 
198 3 
15 5 

31 5 
5 67 
135 

13 162 
025 
8 991 
NA 
0 

87 2 

10354 

!3686 
2195 
498 
16 
93 
18 

0 
1352 

Total Output 13858 ~~ 

TOTALINPUT 10354 I 
TOTALOUTPUT 13858 I 

SCENT RECOVERY 133 8% I Percent Ren oval 85 996 



Test V7 Plutonium239/240 Masp Balance 
Net 

Concentration, Activity, 

Feed 167 620 10354 

Total Input 10354 

ACTNITYOUTPUT 
1 Extractsol'n 3252 16 3 5301 

1 Sohds 1 6  366 O!I 5 86 
2 Fxhact sol'n 356 9 6 2141 

2Sohds 121 311 80 3774 

Total Output 11802 

TOTALINPUT 10354 
TOTAL OUTPUT 1 1802 

&CENT RECOVERY 114 0% Percent Removal 49 7% 

Item Description Mass,pr PcUg pel  
ACTMTY INPUT 



Test 1 Solids Maas Balance 
Total 

Solids, Net 
Item Description M-R % SolMs,g 

SOLIDS INPUT 
Feed 10008 900% 90072 

Total Input 

SOLIDS OUTPUT 
2SoMs 764 100O'b 
4Sohds 40 1 100O'b 

TreatedSohds 8028 100O'b 803 

TOTALINPUT 90072 

Test 4 Solids Mass Balance 
Tots I 
!SOWI, Net 

ItemDescrlption Mass& % solids,g 
SOLIDS INPUT 

Fecd 100 900% 90 

Total Input 90 

SOLIDS OUTPUT 
1Sohds 5 2  1000% 5 
2Sohds 5 4  1000% 5 

RcagcntSohds 7 86 1000% 8 
TreatcdSoltds 783 1000% 78 

Total Output 97 

TOTALINPUT 90 



I 
I 
I 
E 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'est 10 Solids Mass Balance 
Total 

Solids, Net 
Item Description MP(uI,~ % SOlMS,~ 

'oms INPUT 
Feed 100 900% 900 

ReagentHecl 35 4 3 %  1 5  

Total Input 91 5 

;OLIDS OUTPUT 
1 Sohds 8 3  1000% 8 
2Sohds 3 5  1000% 4 

TreatedSohds 75 2 1000% 75 

Total Output 87 

TOTALINPUT 92 I 
TOTALOUTPUT 87 

XCENT RECOYERY 95 1 % 

Test 15 sdids Moa Balance 

ItemDescri tion 
SOLIDS INPUT 

Feed 100 900% 900 
RcagentHecl 237  1 2 %  03 

Total Input 903 

SOLIDS OUTPUT 
1sOhds 3 2  1000% 3 
2Sohds 3 1000% 3 
3Sohds 4 5  1000% 5 

TreatedSohds 75 8 1000% 76 

Total Output 87 

TWALOUTPIJT 87 
CENT RECOVERY 95 8% 

Reagent Heel 

0 1M Sodium Dithionite 

TS = 17 4g4 (0 0174g/ml) 
.>>>>>> FW = 174 llg/M 

0 1M Sodium Ciirate 
FW=25807g/M 
TS = 25 81g4 (0 0258g/ml) 

Reagent Hcel 

0 1M Citnc Acid 
>>>>>>> Used 11 5g to 1 1 DIW 

TS = 11 5g4(0 01 l5g/ml) 



I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

'est A Solids Mass Balance 
Totail 
Solids, Net 

Item Description M-,R 96 s01id4, 
l0LIDS INPUT 

Feed 100 
Reagent Heel 54 1 

875% 8 7 5  
4396 2 3  

Total Input 

lOLIDS OUTPUT 
1 Sohds 5 1 
2Sohds 4 6  
3Sohds 4 3  

Treated Sohds 69 1 
Residual 3 

Total Output 

89 8 

m a %  5 
m a %  5 
m a %  4 
1OOC% 69 
1OOC% 3 
- 

86 

'est B Solids Mass Balance 
TOM 

Solicls, Net 
ItemDescripUon % soilds,] 

oms INPUT 
Fccd 1 0 0  87.5% 8 7 5  

Reagent Heel 29 1 2Lb 0 3 

Total Input 87 8 

oms OUTPUT 
1Sohds 4 8  1000% 5 
2Sohds 7 1  1W(% 7 
3Sohds 6 9  1000% 7 

TreatedSohds 5 6 7  lW(% 57 
Cenmte Sohds 635 1 0 2'b 1 

~~ ~ 

Total Output 77 

TOTALINPUT 88 I 
m A L 0 U T P U T  77 

RCENT RECOVERY 87 4% 



1 

TOTALOUTPUT 85 
iERCENT RECOVERY 94 2% 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Test C Solids Mass Balance 
Totail 

Solids,, Net 
Itsmkription Mass,p: % SolMsj 

SOLIDS INPUT 
Feed 100 87597 8 7 5  

ReagentHeel 565 4 3 %  2 4  

Total Input 89 9 

SOLIDS OUTPUT 
1 Sohds 8 1000% 8 
2Sohds 6 2  1000% 6 
3Sohds 6 3  1000% 6 

TreatcdSohds 6 4 2  1000% 64 

I Total Output 85 

TOTALINPUT 90 1 

Test D Solids Mess Balance 
Totr i 
Solids, Net 

Item Description MSSS,~ % solid%/ 
SOLIDS INPUT 

Fccd 10 875% 8 8  
RcagentHccl 27 12% 0 3  

Total Input 91 

SOLIDS OUTPUT 
TrcatedSohds 8 4  1000% 8 

Total Output 8 
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rest V 1  Solids Mass Balance 

Solids, 

% -  

Item Description M a s s , ~  
SOLIDS INPUT 

F& 
Reagent Heel 

Total Input 

SOLIDS OUTPUT 
3 Sohds 
4 Sohds 

Trcated Sohds 

Total Output 

50 
15 5 

0 5  
1 3  
8 8  

33 4% 
12% b”2’ I 

169 1 
1000% 1 
1000% 1 
1000‘6 9 

* - z E z q  1 
EXCENT RECOVERY 62 8% 

rest v2 SOUCIS MW Balance 
Total 

Solids, Net 
ItemDescrlption M=.R % Souds,, 

SOLIDS INPUT 
Fecd 

Reagent Heel 

Total Input 

SOLIDS OUTPUT 
3 Sohds 
4 Sohds 

Trcated Sohds 

Total Output 

50 
27 1 

1 2  
2 

15 5 

3344b 167 
43% 1 2  

17 9 

1000% 1 
1000% 2 
1000% 16 

19 

TOTALINPUT 18 I 
TOTALOUTPUT 19 

CRCENT RECOVERY 104 6% 
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Total 
SolMs Net 

Item Description Mass* % solids,~ 
SOLIDS INPUT 

Feed 

Total Input 

SOLIDS OUTPUT 
1 Sohds 

Treated Sohds 

Total Output 

50 

16 
12 1 

334% 167 

16 7 

14 

mY:sK; :: 1 
ERCENT RECOVERY 82 0% 


